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I We have shown that quantum interference in a driven quasi-degenerate two-level 

' atomic system can be controlled by an externally applied magnetic field. We demon- 

strate that the mechanism of optical control is based on quantum interference, which 

c , 

, allows one to implement both electromagnetically induced transparency and elec- 

tromagnetically induced absorption in one atomic system. Dispersion of such the 



medium allows one to control group velocity of propagation of light pulses be ultra- 
slow or super luminal via applied magnetic field. 

I. INTRODUCTION 

Quantum coherence and interference play an important role in the interaction of coherent 
laser fields with atomic systems. As has been shown that interplay between destructive 
and constructive interference of atomic transitions ^ leads to electromagnetically induced 
transparency (EIT) or electromagnetically induced absorption (EIA) EIT has found 
a wide variety of applications in quantum optics and nonlinear optical processes EIA 
could have potential applications to high-speed optical modulation and quantum switching 
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A^-type scheme has recently attracted much attention and opened a new approach to 
manipulate the nonlinear phenomena in optical process ^. It has been shown that atomic 



^rred from upper level to 
. Doppler-free resonance 



coherence among Zeeman sublevels can be spontaneously transf 
lower one, which gives rise not only to EIT, but also to EI A ^Q, 
absorption observed in the N scheme displays another interesting features in the Doppler- 
broadened medium Q. Three-photon Doppler-free resonance has been observed in hot 
Rb vapor driven with one of two coherent fields far detuning from its resonance in the N 
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scheme jlo| . The other type of schemes have been analysed in Refs. jlll . 

Usually, the atomic system has one type of interference, either constructive or destructive, 
that depends on the configuration of atomic levels and laser fields. Recently, we show a way 
to coherently control the type of interference in one quasi-degenerate two-level atomic system 
by applying an external magnetic field jlS^ . 

In this paper we show a possibility of control by means of magnetic field not only of 
the type of interference but of group velocity too. Application of magnetic field can change 
velocity of propagation of light pulses from ultra-slow to superluminal. 

The paper is organized as follows. In Sec. |n] the physical model and the main equations 
are presented. The equations are solved in the stationary conditions. In Sec. IIIII together 
with App.^the coherency is given for the thermal resonant medium. In Sec. II VI the case of 
the immovable atoms in the N-cofiguration is investigated. At last, in Sec. |3 together with 
App.mthe EIT, EIA and slow light effects are investigated in the thermal vapor. 



II. THE PHYSICAL MODEL AND THE BASIC EQUATIONS 

In Figure 1 the experimental setup discussed below is shown. It is assumed a light beam, 
consisting of two monochromatic waves, which are propagated into the same direction, with 
frequencies u (the drive wave) and Up (the probe wave), passes through a cell of an atomic 
vapor at room temperature. It is assumed that each atom, participating in the thermal 
motion, crosses the light beam and after that looses any information about past interaction 
with light on the walls of cell. It means that any atom goes in into the light beam volume 
in a ground state ever independently of for the first time or otherwise. 

Let the atom has effectively a two-level energetic structure with a twice degeneration of 
both the levels (see fig. 2). In an outside magnetic field the Zeeman's effect takes a place. 
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and generally speaking it leads to respective splitting the levels. Let some conditions (for 
example, the light polarizations) ensure interactions of the drive field with the atom on both 
the (ac)- and (bd)- transitions and of the probe wave - on the (a6)-transition. 

We take into account incoherent processes in the atomic system. First, there are sponta- 
neous emissions on the {ab)- and (ac)-transitions with rates equaled to 7 and on the (dc)- 
transition - with 27. Second, we model processes of arrival of atoms into the light beam 
volume and departure of them from there as incoherent processes too. As is seen in Fig. 2 
there are a "pump" with mean rate /i to the lower sub- levels and an additional "decay" of 
all the sub-levels with rate 70. 

We start with an equation for an atomic density matrix a in the interaction picture for the 
single four-level atom, interacting with two coherent classical fields with complex amplitudes 
a (the drive field) and ap (the probe field): 



a = —I 



-Ra + fi. (2.1) 



The R and /t operators ensure the mentioned above incoherent processes (see Fig. 2). The 
atom-field interaction Hamiltonian has a well known form: 

V = -ga \a){c\ e'^^' -ga\d){b\ e^^^* - g^ap \a){b\ e^^^* + h.c. (2.2) 

Here are frequency detunings: Ai = ojac — ^, A2 = Udb — ^, = ^ab — (t^ac, ^bd and 
Uab - the respective atomic frequencies). 

Further we will use not the field amplitudes but the so-called Rabi-frequencies fl = ga 
and ^Ip = gpUp. 

Rewriting the equation ()2.1|) in terms of matrix elements, we can obtain the following 
system of equations: 

CTaa = - (27 + 7o) (Taa + l^CTba - ifl*p<7ab + i^CTca " i^*Crac = (2.3) 
^bb = (/i + l(^aa) - 10<ybb + 2-fCrdd - i^pCTba + i^C^ab + ^^^Vrf;, - iVtCfM = (2.4) 
Crcc = fJ'- l0(^cc + + i^*Crac - l^Cfca = (2.5) 

(^dd = - (27 + 7o) ctm + i^cTbd - i^*crdb = (2.6) 



and 



C^ab = - (7 + 70 + i\) CTab + i^p {(^bb " CTaa) + i^<Jcb " i^CTad = (2.7) 
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(Tarf = - (27 + 7o + iAp - iA2) (Tad + i^pCTbd + i^^cTcd - i^*<yab = 

0"c6 = - (70 + - iAi) (Tcfe - i%aca + i^^Vafe - ifiacd = 

(^bd = - (7 + 7o - ^As) (Jm + (o-dd - abb) + i^*p(^ad = 

<^cd = - (7 + 7o + - zAi - iA2) acd + i^*crad - i^*(ycb = 

Under writing the equations the following replacements have been made: 



(2.8) 
(2.9) 
(2.10) 
(2.11) 
(2.12) 

(2.13) 
(2.14) 
(2.15) 
(2.16) 
(2.17) 
(2.18) 

We put all the derivatives equaled to zero because further only the stationary solutions are 
of our interest. 

Now to make the mathematical situation simpler we remember interestingthat the probe 
wave is weak. It means we want to be restricted by the approximation Qp/ (7 + 70) <^ 1 
and to remain in our expressions only the main non-zero terms. As a result the wished 
coherencies read: 



(^ab - 


(^abe~ 


-iApt 


(7ac - 


^ o-ace 


-iAit 


Odh - 


CTdbe 


-iA2t 


Oad - 


(^ade 


-i{Ap- 


Ode - 


(ydce 


-j(Ap- 


C^bc - 


^ o-bce~ 


i(Ap- 



(Jab = lOi 



l + lf 



" D 
1 



a 



riba + riba 
2 



a 



1 



l + if \2-£q + ifp2 Eq + ifpi^ 



(Jbd 



1 - ^/i £^0 + if pi 

ia* 



+ ridb 



a 



1 - i/2 2 - £0 + ifi 



p2 



—rir 



ia* 



-ribd 



I -if 2 

The denominator D in ()2.19|1 is given by: 

D = {1 + if) (1 + ^/p) + I « |2 (2 + tfp^ + tfp2) 
Here are the following notations: 

riik = cm - o-kk, i,k = a,b,c,d 



1 



+ 



1 



Eq + if pi 2-eo + if J 



p2, 



(2.19) 
(2.20) 
(2.21) 

(2.22) 

(2.23) 
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fp ~ /I 1^ — V' /i ~ ~FTT — N ' f'^ ~ /I I ^ — vT' ^0 — — — , (2.24) 

7(1 + ^o) 7(1 + ^o) 7(1 + ^o)) 7 + 7o 

fpl = fp — fl, fp2 = fp — f2, f = fp — fl — /2, /l2 = /l — /2 (2.25) 

" 01 = ——^ r, «o = ^, rio = — (2.26) 



' 7(1 + ^o)' 7(1 +^o)' " v^' " 70 

Substituting ()2.19ll2.2T|l into ()2.HII2.(ip we obtain the closed system of equation for all the 
level populations. After relatively simple operations we are able to get the populations in 
the explicit form: 

2 I a |2 

'''^'^ " ''°(2-eo)(l + /f)+2|«o IMl + ^o) ^ ^ ^ 

^ ^ „ (2-eo)(l + A^)+4|ao p (2 - ^p) (1 + /|) + 2 | a p 

''°(2-eo)(l + /f)+2|aoni + ^o) (2 - ^o) (1 + /|) + 4 | a P ^^'^^^ 
a n (2-^o)(l + /f)+2|ap 

°(2-5o)(l + /f)+2|«olMl + ^o) ^ ^ ^ 

^ _^ (2-go)(l + A^)+4|aop 2 lap 

^'^'^ ''°(2-eo)(l + /f) + 2|aolMl + ^o) (2 - £o) (1 + /I) + 4 | a ^ ^^""'^^ 

Substituting these formulas into ()2.19p - ()2.2H) we can find all the coherencies in the explicit 
form and in particular the Oah which is important for analysis of the optical properties of 
the (a6)-transition. 

Further everywhere we will be restricted by the small value eo ^ 1- It means our 
requirement to the system is the passed lifetime of the atom through the light beam volume 
is much more than the lifetime of the upper laser state connected with spontaneous decay. 



III. THE THERMAL MOTION OF THE ATOMS 

As mentioned above our main goal here is to discuss the situation with the thermal 
motion of the atoms, forming the output signal under crossing the light beam volume. To 
describe correctly this case we have no right to use directly the previous formulas, because 
they are suitable in the obtained form only for the immovable atoms. But it is well known 
how to generalize it on the case of the thermal ensemble. We need to introduce by hands 
the available Doppler shifts, depending on velocities of the atoms, and then to average the 
formulas over the velocities with the adequate velocity distribution. In our conditions it 
means we have to make the following replacements in our formulas ()2.19j) and ()2.27|l - ()2.30j) : 

fp^ fp + X, fi^ fi + X, f2^ f2 + X, f f -X (3.1) 
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and then to average the obtained expressions with the Maxwell's distribution: 

W{x) = -^e-^'/^l xo = -, (3.2) 

where ku is the Doppler spectral width of the absorption contour. In our approach we 
choose the so-called Doppler limit Xq ^ 1. One can find all the details of these operations 
in Appendix 1X1 

After that we have to make additionally two things. First, we want to be restricted by 
case when the drive field frequency coincides with the atomic transition frequency in the 
absence of the magnetic field. Second, we have to introduce into the formulas the magnetic 
field in the explicit form. To satisfy this program we must make the following replacements 
in our formulas: 

/i ^0, /2 ^ —h, fp^fp — h, fpi ^ fp — h, fp2 ^ fp, / — > fp (3.3) 

where h is the Zeeman shift of the (6)-level. 

These operations are carried out in Appendix El 



IV. ATOMS AT REST 



In this section we will discuss the case of the immovable atoms. We think this can be 
interesting and useful for understanding the situation as whole. 

According to ()2.19j) we can write the coherency for the (afe) -transition as the sum of three 
terms: 



„ „ab I „ac I „bd 



(4.1) 



connected respectively with the population differences Uab, and rihd and having the 
following explicit forms: 



<6 = ^«P^0 



D 





"0 


|2 l + 


a 


2 


1 + 


«o 1 


2 l + (/^_,/,)2 + 2 


a 


2 



1 + 



a 



+ 



1 + ifp- 2ifi \eo + if pi 2 + if pi + ih 



(4.2) 



(4.3) 
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I2 l + if^-ih 


D 1 + n+ 1 









a 



|2 



2 + + ih 



(4.4) 



(4.5) 



where 

D = (1 + z/p - 2z/i) (1 + 2/p - z/i) + I a |2 (2 + 2z/pi + z/i) x 
/ 1 ^ 1 \ 

V^^o + ^/pi 2 + ifpi + ihJ 

These equations describe the absorption Im{(Tab) and dispersion Re{(Tab) of the probe wave 
interacting with (a6)-transition. 

Here we have introduced the external magnetic field in the explicit form. We have put in 
the absence of the magnetic field the upper and lower levels are quite degenerated. It means 
the frequency shifts of the drive wave relative to both the transitions (ac) and [hd) are the 
same, that is fi = f2- For simplicity we have assumed that in the magnetic field only the 
(6)-level moves. Then /2 = /i — h, where h - is the Zeeman's shift of the (6)-level. 

The formulas ()4.1|) - ()4.5|) can be rewritten in the regime of the saturation by the drive 
field I a I, I tto 1^ 1 in the simpler and more visible form. In resonant drive tuning fi = 
and with the high power of the external magnetic field {h ^ 1) the absorptive and dispersive 



contours read: 



Re {oabl («pno)) = ^ '^^f' \ + ^ "^7, (4.6) 



2 (/p - 




l + 4(/p-/i+ 





Im [oabl («pr2o)) = , . . „ \ I ^ + \ ^ I Wl (4-7) 

1 + 4(/p - /i- I a I) 1 + 4(/p - /t+ I a I) 

One can see these results can be interpreted as the dynamical Stark effect for three-level 
atom. Really, here the initial Lorenzian (or dispersive curve) with the zero drive field, placed 
on /p = /i, is split in the non-zero drive field on the two ones, placed on the horizontal axis 
symmetrically relative to fp = h on the frequencies /i ± |q;|. This effect is very clear because 
under the essential drift of the (6)-level the ((i)-level falls simply out of the interaction with 
the drive field and so effectively the four-level atom is converted into the three-level one. 
To the contrary, without the magnetic field {h = 0) all the four levels take an important 
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role. The spectral contours in the case are given as: 

D / // fp , 1 /p - 2 I g I 1 fp + 2\a\ 
Re [aab/ [apno)) = + - — — + - ^ ,^ ^ ^ , (4.8) 





a 




1 




l + (/p-4 


a 


If 



/.«(../(a,„„)) ~ + 5 l + (/,-4|„|f + \ l + (/, + 4|„|f <^-^' 

Now there are three Lorencians in ()4.8j) (or three dispersive curves in ()4.9j) ) instead of 
two in the previous situation. This difference is easy understood on the qualitative level 
under applying the model of the Rabi-splitting of levels. Without the magnetic field (the 
N-configuration for the four-level atom) both levels (a) and (6) are split, that gives three 
spectral contours instead of one. At the same time, in the strong magnetic field only the 
(a)-level is split, what ensures only two contours. In Fig. 3 the formulas ()4.8|l - ()4.9j) are 
presented graphically with | a p= 10. 

At the same time, as stated above in the non-zero magnetic field we must expect a gradual 
transformation of the four-level atom into the three-level one. In Fig. 4 the curves are drown 
with h = 7, eo = 1/10, | a 10. One can see already with not very strong magnetic field 
the curves in the main match to the three-level structure in A-configuration. 

The EIT effect is available as we remember for the three-level atom. In consequence of 
the Rabi splitting in the strong drive field the center of the spectral contour turns out just 
between two peaks that is in the transparency area. Because in our case under gradual raising 
the magnetic field the three-level atom is achieved we can expect the stronger magnetic field, 
the better EIT. This is demonstrated in Fig. 5. There we watch over the center of the spectral 
contour fp = h and show, how this point falls in relation to h. 

One can see the EIT effect takes a place even in the zero magnetic field (h=0) and the 
effect raises with h as it was expected. The EIT effect with h = corresponds to falling the 
central point of the absorption contour in the strong drive field (see Fig. 3). 



V. THE NON-LINEAR INTERFERENCE EFFECTS IN THE 

N-CONFIGURATION 

A. The EIA, EIT effects in the atomic vapor 

Now let us discuss the experimental situation with the thermal ensemble of the atoms. 
In Sec. lim it has been described, how to get the available formulas for this case. In App. [X] 
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and El this program has been implemented. 

In this section we are going to discuss some interesting details in the behaviour of the 
coherency aab in relation to the drive field and the externally applied magnetic field. Our 
consideration will be based on numerical calculations by the formulas ()B2j) - ()BlHl . which 
have been given for the case of exact frequency tuning the drive field (/i = 0). 

First of all, let us discuss the absorptive properties of the vapor relative to the probe 
field. This is determined by the imaginary part of the coherency aab-, and this is presented 
in Fig. 6a for the zero magnetic field h = and with xq = 100, Eq = 1/10, | |= 10. 

Everywhere further we discuss not the density matrix itself but the value a/A. The factor 
A is chosen so to normalize this value onto one for the zero drive field in the contour center. 
So one can conclude the absorption with the strong drive field in the point /p = is much 
more (with factor about 5) than without the drive field. It means in the zero magnetic field 
the N-configuration ensures the essential EIA effect. 

At the same time for the high enogh magnetic field in the point fp = h already the KIT 
effect takes a place. It is demonstrated in Fig. 7a for case h = 10. One can see in the point 
fp = 10 the absorption is much less than one (about 0,165). 

As a result we can conclude in the N-configuration we have a possibility to control an 
interference changing it by the externally applied magnetic field from distructive to con- 
structive and back. 

B. The slow light effect in the atomic vapor 

Let us discuss now dispersive properties of the vapor on the (a6) -transition. For that 
we need to investigate the real part of the matrix element aab- The respective frequency 
dependences are presented in Fig. 6b for the zero magnetic field {h = 0) and in Fig. 7b for 
h = 10. 

The interesting areas connect with a big derivatives with respect to fp{ujp). Just there 
we can expect essential slowing the light pulse down. In the zero magnetic field (Fig. 6b) 
this is in the area near the zero frequency. At the same time with /i = 10 this is in the area 
near fp = 10 {fp = h). But the effect in the zero magnetic field (on the zero frequency) is 
bad for observation, because here the very effective absorption takes a place (compare with 
Fig. 6a). 
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At the same time, in the magnetic field (Fig. 7b) in the vicinity of /p = 10, where the 
good EIT effect takes a place, the derivative with respect to fp is high enough too. Taking 
this into account further we will analyze the group velocity of the light pulse as the function 

of the magnetic field in this 

As is known the group velocity Vgr. can be expressed via a real part of the susceptibility 
X — Rex + iliTix a-s: 

= I -^ '/tt I I -^ 

dur, 



27r 1 + Up- — I Rex 



(5.1) 



Rewriting it in terms of the density matrix and in our notations the formula reads: 



Vgr. 



1 + aIi-^^] Reaa, 
7 dfp^ 



^=T^AjiV^^ (5.2) 



Here \p and ujp are the wavelength and the frequency of the probe field, 
N is the atomic concentration, 7rad. is the constant of the radiation de- 
cay. For a numerical calculation we choose the following set of the parameters: 

\p ~ IQ-^cm, N ~ W^cm-^, Irad./l ^ 1. ^p/i ~ 10^ I"p/"I ~ 10"^- 

In Fig. 8 the dependence of the group velocity in the vicinity oi fp — h (the EIA or EIT 
area) on the magnetic field h is presented with |q;o| = 10. As was expected the minimum 
of the velocity is achieved in the zero magnetic field. But we remember the light here is 
strongly absorbed on the transition. At the same time, with h > 5 there is a slow light 
effect too, and there Vgr, ~ lO^^c. This depends actually on the power of the drive field. 
One can see in Fig. 9 with /p = /i = 10 at first the group velocity increases with changing 
the amplitude ag from small to higher meanings, passes the maximum and next falls. 

In conclusion, we have proposed effective coherent control of the optical properties of 
the resonant thermal medium. Varying the external magnetic field we can achieve in the 
same experiment both the EIT and EIA effects and also slow down fight or to the contrary 
accelerate. 
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APPENDIX A: THERMAL MOTION OF ATOMS 

To take into account thermal motion of atoms we should make the following frequency 
replacements in our formulas: 

fp^ fp + X, /i ^ /i + X, h + x, f =^ f -X (Al) 

(/pi = /p — /l ^ /pi, /p2 = /p — /2 ^ /p2, /l2 = /l - /2 ^ /12) 

and then to average the formulas over x with the Maxwell's distribution: 

W{x) = ^^e-^'/^o, xo = — (A2) 
^/7^Xo 7 

After these operations in the Doppler limit {xq ^ 1) the coherency, normalized on unity in 
the center of line of absorption with the zero driving field | a | , is represented as the sum of 
terms: 

'^ab/X = a^jX + a^jX + ali/X, X = a,noV^/xo (A3) 

where 

a:^/X = + + ^3 + ^4 + ^5 (A4) 



' 7r/-oo x + fp-t l + {f^ + xf+\ao\^ ' ' ^ ^ 

A,^- \a r (2 + iU^ + if,,) f — ^ + V) >< 

V^O + ^/pl 2 + z/p2y TT 

r ^ l + {h + xf + 2\a, P 1 (A6) 

J -00 x + fp-i 1 + (/^ + a;)2 + I do P {x-Xi){x-X2) 

^3 = i I a r ( + oJ^ f 1 -e"^^'^""" X 

^^f, ^^^2^9 I |2 1 

(ia; (A7) 



l + (/i + a;)' + 2 


1 "0 


2 


l + {fi + xf+ 1 


ao 


2 



12 



.1 |2 1 -i'^l-T^ 

-i\a \ —e •'p' X 

TT 



l + (/i + a:)' + 2 


ttO 


2 


l + + 1 


«0 


2 



1 



= — i I Q! 



^ 1 1 

+ 2 + i/p2 y TT 

1 



1 



-o?x (A8) 



l + (/i + x)' + 2 


1 Qio 


j2 




ao 1 


2 



-fix (A9) 



a P 1 _f2/„2 



X 



^0 + ^/pl TT 

+°° X - f + i 1 + i (/i + x) 

-oo (a; - xi) {x -X2)l + (/i + xf+\ ao P 



(AlO) 



+0O 



X 



1 {l-ix + lf){l + lf2 + 


ix) l + (/i + x)' + 2 


"0 


2 


Xi){x-X2) l + {f2+xf + 2 


a 




tto 


2 



Here 



Xl,2 = - ^ (/l + /2) ± ^ (2 + z/pi + i/p2) 



1 + 



4 I a 



\ {eo + tU){2 + ifp2) 



(A12) 



are the roots of the quadratic relative to x equation 

{1 + if - ix) (1 + ifp + ix) + I a p (2 + ifpi + ifp2) 



1 1 

+ 



(i(Al3) 



Now we are able to carry out all integrations of the values of the complex resudues and 
obtain the following formulas expressed via the physical parameters in the explicit forms : 



a2/\ = + ^2 + A3 + ^4 + A5, 



1 



IT J- 

Im {Ai) = e^-^p/^o X 



-00 

f2 



l + (/i+:r)' + 2 


1 "0 
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l + {fi+xf+ 1 


"0 


2 



dx 



Upl -21) + 2 
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fpi {Ui-2z)+\ 


ao 


2 



+ 







2 






2 


/pi (/pi + 2i 




ao 


^)- 


ao 


2 



(A14) 
(A15) 

(A16) 



A2 =1 a p (2 + i/pi + i/p2) 



+ 



,£o + «/pi 2 + i/p2 



e ^p' X 
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- (^1 + 






1+ 1 




' + fl + X,) {l^ 







^ l + (/i+X2)' + 2|aoP 

1 + (/i + a:;2)^ + I ao |2 (2^2 + fp-i) {X2 - Xi) 

' ^ ^ ' " l + (/i+a;i)' + 2 I qq 



(A17) 



As = -2 I a 



1 I g-/p/^0 '. " ' '. 1 — 

^£o + «/pi 2 + ifp2j [ l + {fi + Xif+\ao\'^ {xi - X2) 
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ao 
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do 






2 _ 
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- Xi 




(^1+ 




^-h-x2) 



(A18) 



l + (/i + xi)' + 2 


1 ao 


P 1 + i/ - ixi 1 
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2 - 1 + (/i + xa)^ + 2 
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"0 


=(1 


+ ifp2 + ^l+ 
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'-fi-xi) 
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/21 (/21 + 2z^l+ I ao P) - I «o 
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' + fl + X2) 
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/21 (/21 - 22^1 + 2 I a |2) + 2 I ao |2 
/21 (/21 - 2z^l + 2|ap) + I ao |2 



(A19) 



= 2 I a 



. + (/i + x-,f + 2 


1 "0 


P 1 1 


l + + 1 


ao 1 


2 - ^2 1 + (/i + X2)^ + 2 
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APPENDIX B 



As is seen here all the frequency detunings survive but in our discussion in the main 
sections of the article we take into account a simpler situation when the driving field is in 
resonance with the transition (ac) what means /i — 0, and only one level {h) moves in the 
magnetic field. Then to take into account the magnetic Zeeman effect in the explicit form 
let us make the following frequency transformations: 

/i ^0, /2 ^ -h, fp^ fp- h, fpi fp- h, fp2 fp, f ^ fp (Bl) 

Here the value h is the Zeeman's shift of the (b) level in the dimensionless units. 
As a result we have basic formulas for our discussion in the form: 
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FIG. 2: Schematic of N-type four-level system. Drive laser couples in the (ac) and (bd) transitions 
simultaneously, probe laser to (ab) 




FIG. 3: Frequency dependence of the imaginary a) and real b) parts of dab with h 
for the immovable four-level atoms 



= Oand lap = 10 




FIG. 4: Frequency dependence of the imaginary a) and real b) parts of aab with h = 7 and |ap = 10 
for the immovable four-level atoms 




FIG. 5: Dependence of the absorption of the immovable atoms on the magnetic field h in the 
EIT-EIA area fp = h 
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FIG. 8: Dependence of the group velocity on the power of the externahy applied magnetic field in 
the EIT/EIA area (/p = K) with = 10, = 1/10 
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FIG. 9: Dependence of the group velocity on the power of the drive field in the FIT area (/p = 
h = 10) with £0 = 1/10 



